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TOM TAT

Du bdo tuéi tho con lai cdc cum, chi tiét gép phan quan trong vao viéc ndng cao kha ning
san sang chién dau cho xe xich quan sw. Duwa vao trang thai ky thuat o mot thoi diém kiém tra chan
dodn bdt kp, dir bdo tuéi tho con lai cho biét triede khodng thoi gian tinh tir thoi diém chan dodn t&i
khi céc cum, chi tiét dat trang thai gioi han (trang thai hong) trong diéu kién khai thdc cho trude.
Hién nay c¢é phirong phdp dw béo tuéi tho con lai theo ham ngoai suy tuyén tinh va ngoai suy theo
ham luy thira. Sw thay doi trang thdi ky thudt cia cdc cum, chi tiét theo thoi gian hay theo khoi
lu’ong cong tdc cé thé dwoe danh gid boi si thay déi cda mot loat cdc thong sé6 ky thudt nhuw L'mg
sudt, lmmg tiéu hao nhién lleu dé mon, khe ho, tiéng on hiéu sudt va do chinh xac trong aé doi
voi da so cac cum, cap chi tlet thi sy mai mon be mdt tiép xiic ciia cdc cdp chi tiét chuyen dong co
ma sat la nguyén nhdn chit yéu lam cdc thong sé ky thudt khdc thay doi theo hidng xdau di. Dy béo
tuéi tho con lai thuce chat la dw béo trang thai mai mon cua cac cap ma sat anh hwong toi tuéi tho
clia cdc co cdu, hé thong trén xe xich quan sur.

Tir khoa: Du béo; Tudi tho con lai; Xe xich quan su; Ngoai suy tuyén tinh.

ABSTRACT

Forecasting the remaining service life of assemblies and components plays an important
role in improving the combat readiness of military tracked vehicles. Based on the technical
condition determined at any diagnostic inspection time, the remaining service life forecast provides
an estimate of the time interval from the moment of diagnosis to the point at which the assemblies or
components reach their limit state (failure state) under given operating conditions. Currently, there
are forecasting methods based on linear extrapolation functions and on power-law extrapolation
functions. Changes in the technical condition of assemblies and components over time or with
accumulated workload can be assessed through variations in a number of technical parameters
such as stress, fuel consumption, wear, clearances, noise, efficiency, and accuracy. For most
assemblies and mating component pairs, surface wear of the contact areas in moving friction pairs
is the main cause leading to the deterioration of other technical parameters. In essence, forecasting
the remaining service life is forecasting the wear state of friction pairs that affect the service life of
mechanisms and systems in military tracked vehicles.
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1. PAT VAN PE

Hién nay, cac trang bi xe xich quan su
trong quan doi Viét Nam chii yéu c6 ngudn gdc
tr Lién x06 cii, Lién bang Nga ngay nay. Trong
qua trinh khai thac, cac cum, chi tiét co su thay
dbi vé tinh trang k¥ thuat theo huéng xau di.
Chinh vi vay, du bao tudi tho con lai cta cac
cum, chi tiét cua xe xich quéin su dong vai trb
quan trong trong diéu kién cac trang bi chii yéu
¢6 ngudn gde tir nudc ngoai. Két qua du bao
tudi tho lam co s& khoa hoc cho viée tdi wu hoa
khai thac, xay dung ché do bao dudng va lap ké
hoach stra chita hop Iy nham nang cao hiéu qua
su dung va kéo dai tudi tho xe xich quan su.

Su suy giam trang thai k¥ thuat ctua xe
xich quén su theo thoi gian cha yéu do qua trinh
mai mon cac cip chi tiét c6 ma sat, lam thay d6i
cac thong s6 1am viéc nhu do chinh xac, do tin
cdy. Do tinh chat ngau nhién cia qua trinh nay,
bai toan du bao tudi tho con lai mang ban chat
xéc suat va phu thudc chit yéu vao d6 chinh xac
cta dit liéu chin doan hién tai cling nhu kha
nang ngoai suy quy luét bién doi trong qua khtr.

2. PHUONG PHAP DU BAO TUOI THQ
CON LAI

Gia sir cac thong s chin doan (nhu do
day cua rang banh sao chu dong, lugng ti€éu hao
dau boi tron, v.v.) ctia cac cum, chi tiét do dugc
trong qua trinh bado dudng ky thuadt xe xich
quan su. St dung thong tin vé cac thong sb do,
ta c6 thé tinh toan tudi tho con lai trong truong
hop hu hong dan dan theo cac phuwong phap:

- Thong qua ham ngoai suy, néu biét
duogc dang ham va mot sb héng s6 nhat dinh,
dong thoi co san dir liéu can thiét vé qué trinh
thay d6i tham s6 chan doan;

- Bang cach str dung mo hinh phan phéi

xac suat hai tham sd, trong d6 qué trinh thay
d6i tham s6 chan doan cho phép xac dinh dang
ctia quy ludt phan phdi va xac suit dat dén trang
thai gidi han.

bé danh gia tudi tho con lai cua cac
cum, chi tiét trén xe xich quan sy, str dung cong
thure sau [1]:

t —t
S, =8 (s =—=-1) (1)

Trong d6: S, — Thoi gian khai thac tai
d6 tham s6 dat dén gia tri giéi han t

S Thoi gian khai thac tai th(n diém do
tham sb;

t, ,» t — Gia tri ban dau va gia tri do dugc
cua tham so

Trong khuyén nghi vé viéc ap dung
cong thirc (1) ¢6 néu rang o= 0,8 — 2,5 va dbi
v6i murc tiéu hao dau boi tron trong cacte dong
co: a.=2, d6i voi do ho cua co cAu thanh truyén
- truc khuyu: a = 1,4, d6i voi ap sudt khi trong
cacte: a = 1,3.

Cong thuc (1) chi 1a mot truO’ng hop
dac biét cia mot quan hé xac suit tong quat
Khi st dung quy luat phan phéi chuan hai chiéu
v6n phan anh dung ban cht vat 1y ciia qué trinh
tich Ity hu héng [2] thi cac cong thic co ban
ctia phuong phap du bao xac suat s& 1a [3]:

T =1(S,)+7(S,,8,).0(S,)/ o(S).[t, —1(S)] (2)
5, =o(S,\1-1(5,.5,) 3)

Trong do:

7 t,, o(S,) - Gia tri trungﬂbinh va do léch
chuan cua tham sf) t, tai thoi diém khai thac SO,
tai d6 xac dinh tudi tho con lai (trc 1a thoi diém
S. khi tham s6 do duoc 1a t);
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* 1(S)), t(S ), 6(S), ©(S,), (S, S) —
Gia tri trung blnh d6 léch chuan va hé so tuong

quan cta tham sd t tai thoi diém khai thac S, va
S,

Xac suat khong dat t6i trang thai gioi
han dugc xac dinh theo cong thuc:

P(t<t,)=0,5[0(, 1,/ 0,N2)-D(t,/ 5,~2)](4)
Trong do: ® la ham Laplace ¢ dang
bang tra curu.

Nhu vay, bang phuong phap niy c6 thé
thu duoc két qua dudi dang xac suat khong dat
tGi trang thai giéi han khi thiét bi duoc khai thac
den thoi diém S,- Lugng thong tin tién nghlem
can thiét dé 4 ap dung phuong phép nay bao gom
cac gia tri diém cia t(S ), t(S,), o(S,), o(S,)
hoic trong trudng hop téng quat hon, cac ham
t=1(S), o = o(S), r =1r(AS).

Yéu tb c6 anh huong quyét dinh dén d6
chinh xdc cta dy bao 1a h¢ so twong quan r.

Trong truong hop r, = 0, nhu chi ra
trong cong thuc (2) va (3), thi viéc c6 thém
thong tin bd sung khong mang lai loi ich 1am
tang do chmh xéac ctia du béo boi vit, = t(Si) ,
0= 0, néur= 1, thi o, = 0vacong thuc (2) sé
dua ra cAu tra 10 dat khoat cho cau hoi liéu co
dat hay khong dat gia tri gidi han cua tham sb
tai thoi diém S,

Méi quan hé xac dinh trong cong thirc
(1) 1a truong hop riéng cua phuong phap xac
suat khi ap dung vao qua trinh tich lity hu hong
véi cac diéu kién han ché sau:

- Quan hé @du’qc dua vé dang
1(S)=a¥/S tuc la gioi han téi han S, =%/S ;

- D6 léch chuan khong thay ddi theo
thoi gian s dung nghia la o(S)) = o(S ) = const;

- Hé s twong quan (S, S,) = 1 trong
toan bo dai khai thac.

Tuy nhién, phan tich cac qua trinh tich
Iy hu hong trong cac cum dac trung cua xe
xich quan sy (nhu dong co, hé théng truyén
luec, phé‘ln van hanh, v.v.), cho théy réng Vo1
o(S) # const var # 1 thi dé du bao chinh xac,
thong thuong can sir dung cong thirc (2) va (4).
Khi du bao tudi tho con lai cia cac cum nhu
dong co hay hé thong truyén lyc thong thuong
khong thé do truc tiép tham sb xac dinh nhu
ton thét cong suét hay mai mon o bi, 6 truot,
chi tiét ma sat 1a nguyén nhan gy ra hu hong.
Trong cac trudng hop nay, c6 thé danh gia gian
tiép thong qua sy thay ddi ctia cac tham s lién
quan. Vi du nhu khi bac xi lanh — xéc mang bi
mai mon, ap suat khi cac-te, do tiéu hao dau va
ham luong kim loai trong dau sé ting 1én.

Trong trudng hop tong quat, khi khong
thé do dugc tham s6 t truc tiép thi tai S, va S,
tién hanh do cac dai luong phy thudc Y va Yoo
sau d6 ap dung cong thire cua ludt chuan nhiéu
chiéu [3], trong d6 cac cong thirc cho gia tri
trung binh va d¢ léch chuén dugc st dung:

— — r.—r_.r,_ - ) T _rxv'rvz
X=x+Ze et [y,-—y]+—a*(S‘)-x‘—’z'
o 1-r 0,(S) 1-r,

yz

[Zi _;] (5)

Uozax\/l-I-ery r. r}z—(r +r, -I—r /(1= . %) (6)

Viéc tinh toan xac suit tham s vuot
qué gia tri gidi han cho phép duogc thuc hién
theo cong thuc (4).

Céc cong thirc (5) va (6) cho thdy rang
do chinh xac cua du bao trong truong hop nay

chu yéu phu thudc vao cac gia tri cia hé so &
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twong quanr, ,r .1 . He sO twong quan danh
gid muc do llen ket tuyén tinh giita hai gia tri
cia dai lugng ngiu nhién hodc gitta hai dai
lugng khac nhau. Tuy nhién khi r = 0, cac dai
luong van c6 thé lién két voi nhau thong qua
mot mbi quan hé phi tuyén.

Piéu néy giai thich sy twong ddi doc 1ap
clia cac hé sb I, I, I, Viéc can thiét phai do
dong thoi hai dal luong y va z dugc xéac dinh
boi gid tri cua hé s6 r . Do dd, hiéu qua cao
nhat dat dugc khi r,= O.

O_O = O-x 1 - rxy2 - rxzz (7)

Khoang gia tri c6 thé ¢ cta cac hé sb
$b LS S , dugc xac dlnh tur cong thtrc (6), luu

y rang so L neu s6 r,=1 va biéu thuc duéi
dau cin trong (6) phai lon hon 0:

’t\fy'rxz'\/ (l_rxyz)(l_rxz < r < rxy rxz + \/ 1—}’;}12)(1—1’;{22) (8)

Vay khi r_ y,Jr,=lvar = ltl'rc la
trong truong hop nay Vlec ¢6 thém tham s thir
hai la khong can thiét. Cac cong thirc tuong tu
nhu (5) dén (8) cling co thé du’orc xay dung cho
ba hodc nhiéu hon cac tham s6 chan doan. Mbi
quan hé giita cac hé sb twong quan cho phép
danh gia hiéu qué cua viéc bd sung thém thong
tin.

3. KET QUA

Kinh nghiém khai thac xe xich quan sy
cho thay hé s6 twong quan r ctia qua trinh tich
Iy do mon thuong ludn 16n hon 0. Nghia 1a
mau vat, du c6 dic diém tot hon hay x4u hon,
thé hién tir giai doan dau st dung, thuong sé
duy tri xu hudng nay trong qua trinh khai thac
vé sau. Trong truong hop nay, c6 thé gia dinh
rang: r = e*f‘-s, trong do r=r, la gié tri ban dﬁ}l
va a 1a hé s6 diéu chinh toc d¢ suy gidm lién két
tuong quan vé mirc 6n dinh. Tdc do suy giam

nay phu thudc vao tinh chét ctia vat liéu co khi.
Gia thuyét nay duoc st dung dé du bao thoi
gian su dung con lai mat xich cta xe xich quan
su.

Dir liéu vé dd mon vau bam dat cia mat
xich c6 céc thong tin tién nghiém sau:

- Tai quing duong S = 3000 km, chiéu
cao trung binh cta vau bam dat la t(S = 3,0) =
24 mm, d¢ 1éch chuan o(S = 3,0) = 1,0 mm;

- Tai S = 6000 km va S = 9000 km,
chiéu cao trung binh cta vau bam dat 1a 18 mm
va 12 mm, do 1éch chuén 14 2 va 3 mm tuong
ung;

- Hé s trong quan r 6n dinh sau khoang
S = 1000 km, do d6 coi nhu r = const;

- Phan b6 chiéu cao viu bam dét t tai S
= const c6 thé coi 1a phan bo chuan (Gaussian).

Két qua do chiéu cao vau bam dat trén
mot xe cu thé nhu sau:

- Tai S =3000 km, chiéu cao t =26 mm;
- Tai S = 6000 km, chiéu cao t =20 mm.

75
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Hinh 1. Do thi dé mon vau bam ddt theo quéng dwong
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Dua trén cac dir liéu nay va thong tin
tién nghiém, can xéac dinh xac suit dat dén gia
tri gidi han cua cac cum, chi tiét 1a tn = 10 mm.
Xét hai truong hop du bao:

1) Sir dung md hinh phan phdi chuan
hai bién (v6i S = 6000 va 9000 km);

2) St dung ba diém do (S = 3000, 6000
va 9000 km).

Trong trudng hop dau tién st dung cc
cong thirc (2) va (3), truong hop thir hai ap
dung cong thirc (5) va (6).

t, = 12+%.0.8.(20—18) =14,4(mm) ;

0 =3,04/1-0,64 =1,8(mm);
3 08 3 08
ty=12+=——(20-18)+ 26-14)=16 ;
21+ 08( T 1+0,8( )=16(mm)
_ 3
:3.1+2.O,8 3.0.8 —1,612(mm)
1-0,64

Viéc bo sung thong tin dd ning cao do
chinh xéc 1én 1,8/1,612 = 10%.

Xac sudt khong dat dén trang thai
gidi han cua xich xe tdng theo cong thic (4)
trong phuong an thtr nhat P = 0,993, con trong
phuong an thir hai P = 0,9999, nghia 1a su khac
biét trong danh gia cudi cuing 1 khong dang ké.

Xét viéc du bao thoi gian str dung con
lai trong truong hop “hong hoc dot ngot”. Trang
thai gidi han trong cac su ¢ dot ngot thuong
phu thudc vao hai yéu t6 ngau nhién:

- Tinh chat moi riéng bi¢t cua vat li¢u
cua chi tict dang xét;

- S6 chu ky 1am viéc da hoan thanh.

Trinh d6 ky thuat do luong hién nay
chua cho phép danh gia truc tiép cac dic tinh
moi ctia timg chi tiét riéng 1é. Do do, viéc du
bao thuong dya trén cac ddc trung tong quat,
ching han nhu duong cong Wohler va hé sb
bién thién sé chu ky dén khi pha huy.

S6 chu ky da lam viéc c6 thé do bang
cac thiet bi dém, ghi lai bién d ung suat hoac
cac dai luong ty 1€ voi no.

Nhu vay, do chinh xac trong du bao su
cb “dot ngdt” sé thép hon so véi sy ¢b “dan
dan”, vi trong truong hop nay thong tin tién
nghié¢m chi bo sung dir li€u vé tai trong thuc té,
cht khong bao gém kha ning chiu tai riéng biét
ctia vat liéu 1am ra chi tiét. Khi du bao xac suat
xay ra sy ¢ “dot ngot” do tich liy moi, c6 thé
su dung cac cong thue sau [4]:

P(S)=1+0, 5H[q>(——1/ o2)] 9)

Trong do:

He— %2

1+ CI)(L)

o2

I= j me >N dr (10)

2 7 2o W
012 - J. (m.ef2,3.t,g.N)2 (e5,3.u t.g.N —1)dT
A
o (11
Céc dai lugng trong cong thre nhu t__,
T utgN la dic trung cua vat liéu va ap dung
chung cho tat ca cac chi tiét duoc san xuat theo
cung mot ban v€ ky thuat.

bai lugng m = N.-g(7) ¢0 tinh chat dic
biét cho tung truO’ng h0’p va c6 thé dugc ghi
nhan thong qua thiét bi tinh chu ky (theo murc
g suat Ty~ Tp - T,—T,,) trong sudt qua trinh
khai thac xe Si.
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Vi trong thuc té cac tich phan trong
cong thirc (10) Va (11) thuong duoc thay thé
bang tong nén s6 chu ky n, trong moi khoang
(h1nh v&) o thé coi 12 bién ngau nhién phan bd
chuan.

7
N

B

—

A

_ad : 1 6 g T_#ax
T

Hinh 2. Biéu d6 s6 chu ky va dg phdn tan trong
méi khoang it

Theo cong thirc (2)-(4), ta xac dinh n,

, N la s6 chu ky du bao duo’c trong tung
khoang tai tmg voi xac suat ¢d dinh trudce vi du
P=090<n<n_ ). KhldabletN ta co thé
dung cong thurc (9) de danh gia xac suat khong
hong ciia chi tiét. Trong cong thirc ndy tir s cua
biéu thirc a.S? thé hién quy md va thoi luong
lam vig¢c ma tai d6 xac dinh dugc N, tirc 1a khi

as . thi N =N.

Dé du bao can xay dung cac ham phy
thudgc n(S), c_(S) va r (AS). Viéc ap dung ly
thuyet mai mon trong du bao hong hoéc do moi
c6 thé c6 vé khong hop 1y vi do phan tan chi
yéu do tinh chat vat liéu, trong khi diéu kién sir
dung chi anh huéng dén muc do trung binh cua
mon. Tuy nhién, su d@)ng nhét cia mat duong
va tinh 13p lai trong khai thac boi xe xich quan
su, cho phép gia dinh rang cac yéu té anh huong
dén phan b6 chu ky moi 1a nhiéu nhung khong
yéu t6 nao chiém wu thé tuyét dbi. Gia thiét kha
thi nhat cho cc tham s6 1a: n(S) = k.S.c =

const; r = 1. Dang phu thudc nay chi phu hop
khi diéu kién khai thac khong thay doi. Dit liéu
vé diéu kién khai thac trong twong lai khong bt
budc phai biét khi du bao tudi tho con lai d6i
v6i bat ky phuong phép nao di trinh bay.

4. KET LUAN

Viée du bao tudi tho con lai cua cac
cum, chi tiét cua xe xich quin su trong truong
hop hu hong “suy giam dan” 1a kha thi néu c6
thong tin vé sy thay d6i gia tri trung binh cia
tham sd ky thuat, do 1éch chuin va hé sd tuong
quan trong gidi han chu ky khai thadc da xac
dinh. Hiéu qua cta phuong phap du bao d6i
v6i nhiéu tham sé chan doan k¥ thuat phu thudc
vao muc do lién két twong quan gitra cac tham
s6 do. Viéc khai thac hiéu qua cac h¢ ) tuong
quan déng vai tro quyét dinh trong viéc ning
cao do chinh xac du bao. Dy bao tudi tho trong
truong hop hu hong dot ngot cho két qua kém
chinh x4c hon so véi hu hong “suy giam dan”
do thong tin ban dau chi phan anh tai trong ma
khong phan anh kha nang chiu tai cu thé cua vat
liéu ché tao. Pé du bao chinh xac trong trudong
hop nay can phai c¢6 thong tin vé s chu ky tai
trong thyc té da tich ldy. <
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